Background-Readmissions are common after coronary artery bypass grafting (CABG) surgery and account for a significant percentage of hospital healthcare costs. Readmission rates also vary widely between hospitals, but the reasons for this variation have not been studied previously.
R eadmissions account for a significant percentage of healthcare spending. 1 The Centers for Medicare & Medicaid Services publicly release readmission rates for Medicare beneficiaries after hospitalization for pneumonia, heart failure, and myocardial infarction. Beginning in 2013, these rates will be linked to reimbursement. 2 It is possible that readmission rates after coronary artery bypass grafting (CABG) could also become a hospital quality indicator, because CABG is the most frequently performed cardiac surgery. Indeed, 3 states (New Jersey, Pennsylvania and California) have already begun providing public reports on hospital-specific, risk-adjusted readmission rates. [3] [4] [5] The rate of 30-day readmission after CABG averages 15%. 3, 4 In registry-based CABG reporting programs in New York and New Jersey, hospital readmission rates ranged from 7% to 24% at 30 days. 6 Prior studies have found that women, older patients, and black patients have higher rates of readmission after CABG, although some studies have suggested that these differences are due to greater prevalence of comorbidities in these subgroups. [7] [8] [9] [10] Despite identification of the major factors associated with readmission, models developed in prior studies have had limited discrimination in predicting readmission based on measured variables. 3, 11 These findings suggest that the variation in readmission rates may be related to local practice patterns or unmeasured patient characteristics. Other potential sources of variation in readmission could include hospital-level factors, such as hospital CABG volume, type of ownership, and geographic location. Further defining the modifiable risk factors for readmission will help identify opportunities for quality improvement and may lead to interventions to reduce readmission rates.
In the present study, we used the California CABG Outcomes Reporting Program (CCORP) database to identify the sources of variation associated with readmission rates after CABG. We used standard and hierarchical logistic regression methods to clarify the role of patient-level factors (including hospitalacquired complications that may predispose to readmission) versus hospital-level factors to better understand the factors driving readmission rates.
Methods

Data Source
Data were obtained from the CCORP, which is managed by the California Office of Statewide Health Planning and Development. The CCORP requires California hospitals to submit detailed clinical information on preoperative demographic characteristics and clinical conditions and outcomes relevant to CABG surgery. The data collection system, based on specifications from the Society of Thoracic Surgeons, includes a multi-step data cleaning process and annual onsite audit to ensure data accuracy. The CCORP data collection procedures and analysis methodology are described in detail elsewhere. 12
Data Analysis
During 2009, 119 hospitals submitted data, including patient demographics, clinical characteristics, postoperative complications, and observed in-hospital mortality. The clinical registry data were linked to California hospital patient discharge data for 2009 and 2010 to identify hospital readmissions within 30 days for patients who underwent isolated CABG surgery and were alive at discharge from the index hospitalization, but not transferred to other acute hospitals. For data linkage, we used probabilistic matching based on patient's date of birth, surgery date, discharge date, patient sex, death date, postoperative status (alive versus dead) and surgery hospital. The overall linkage success rate was 99.5%, with hospital match rates ranging from 92% to 100% (100 of 119 hospitals had a match rate of 99% or higher). No evidence of systematic variation in the match rate across hospitals was seen. Isolated CABG surgery was defined as CABG surgery performed without other major surgical procedures, such as valve repair or carotid endarterectomy during the same operation. A hospital readmission was counted only if the patient was readmitted to an acute care hospital with an International Classification of Diseases, Ninth Revision, Clinical Modification principal diagnosis code that indicated a heart-related condition, an infection or a complication that was likely related to the CABG within 30 days of the surgery. 13 This algorithm is similar to other states that report readmission rates after CABG surgery. Readmissions were identified both at the hospital performing the CABG and any other California hospital where the patient was admitted within 30 days. For patients who were readmitted multiple times over 30 days, only the first readmission was counted. A total of 177 isolated CABG patients with non-California resident zip code were excluded due to lack of follow-up.
Statistical Analysis
We performed bivariable analyses between hospital readmission and 2 sets of exploratory variables: (1) patient level, including demographic and preoperative clinical risk factors, postoperative complications, health insurance and socioeconomic status (reflected by zip code-level median household income); (2) hospital level, including the following hospital characteristics: teaching status (yes/no), type of ownership (University of California, city/county/ district, investor, and nonprofit), total licensed bed size, CABG surgery volume, and geographic location (Northern California/Bay Area, Orange County/San Diego, Los Angeles and other).
We developed standard and hierarchical multivariable logistic regression models to examine the relationship between readmission and the same patient-level and hospital-level risk factors. The standard model predicts the risk of readmission with patient-level risk factors only, and the hierarchical model includes patient risk factors as level I and hospital characteristics as level II. For the standard logistic regression model, ( , ) 0 2 s . Using a hierarchical model allowed us to assess the effects of patient-level and hospital-level variables on readmission simultaneously compared with the standard logistic risk model. The hierarchical models used in this study were fitted with SAS version 9.3 GLIMMIX procedure (Cary, NC).
Based on previous studies of variation in readmissions following CABG, we hypothesized that the risk of readmission would be higher among older patients, women, nonwhite patients, patients living in low-income areas, and patients with more preoperative comorbidities and postoperative complications. We further hypothesized that teaching hospitals and hospitals with higher CABG volume would provide better quality of care and hence have lower readmission rates. Hospital regions were entered into the model as fixed effects to adjust for regional differences in the relative availability of cardiologists and cardiothoracic surgeons.
We considered 2 sources of variation in the hierarchical logistic model: variation attributable to the patient and to the hospital. Specifically, we calculated an intraclass correlation coefficient, which describes the fraction of residual variance (unexplained variation) that is accounted for by differences among hospitals. 14, 15 For the 2-level logistic model, we estimated the approximate intraclass correlation as follows:
is the hospital-level estimated variance. This method was proposed by Goldstein, Browne and Rasbash (2002). 16, 17 All data analyses were conducted using SAS version 9.3 (Cary, NC). The authors had full access to the data and take responsibility for its integrity.
WHAT IS KNOWN
• Readmissions are common after coronary artery bypass grafting surgery and account for a large proportion of hospital healthcare costs in this patient population. • Readmission rates vary widely among hospitals, but the reasons for this variability are unknown.
WHAT THE STUDY ADDS
• The top 2 reasons for readmission after coronary artery bypass grafting in this cohort in California were heart failure and infection. • Patient demographic and clinical risk factors, rather than the hospital characteristics that were measured for this study accounted for most of the observed hospital-level variation in coronary artery bypass grafting readmissions.
Results
Among 11 823 California patients discharged alive after isolated CABG surgery in 2009, 1565 (13.2%) patients were readmitted to California hospitals within 30 days of the surgery and 541 (34.6%) of those readmissions were readmitted into other than index hospitals. Based on the principal diagnosis code at the readmitting hospital, heart failure and postoperative infections were the most frequent reasons for readmission (15.3% and 12.9%, respectively; Table 1 ). As per our selection criterion for CABG-related readmissions, 222 (12.4%) of all-cause readmissions were excluded.
The mean observed readmission rate among the 119 CABG hospitals was 13.2% and the median was 13.1%, but the mean varied from 0% to 26.9%. Two hospitals with zero readmissions had a total isolated CABG volume of 8 and 5, respectively, in 2009. To explore variations in readmission, hospitals were classified into quartiles with approximately equal number of hospitals and clinically important cut-off readmission rates of ≤10% (N=29); >10% and ≤13% (N=30); >13% but ≤16% (N=31); and >16% (N=29). Table 2 compares the reasons for readmission rates across these quartiles. Hospitals with higher readmission rates had significantly higher rates due to circulatory diseases, infections, complications for surgical and medical care and digestive diseases (all P<0.05 among quartiles). Table 3 presents the prevalence of patient risk factors and readmission rates associated with each risk factor. Older age, female sex, nonwhite race and several preoperative comorbidities were each associated with higher readmission risk (all P<0.05). In addition, some types of insurance coverage were significantly associated with higher readmission rates (Medicare, 15.0%; MediCal, 18.9%; private insurance, 9.7%; P<0.0001). Patients from zip codes with a median household income <$43 000 had a 14.7% risk of readmission compared with 11.9% for patients from zip codes with median household income of ≥$43 000 (P<0.0001). Among 9 postoperative complication measures available in the CCORP 2009 data registry, all except continuous coma (>24 hours) and reoperation for graft occlusion were significantly associated with an increased risk of readmission (all P<0.01).
Two standard logistic regression models were developed for predicting hospital readmissions. The first model included patient demographic and preoperative risk factors, whereas the second model included these variables as well as postoperative complications. The first model showed that age, female sex, nonwhite race, preoperative creatinine level, peripheral artery disease, diabetes mellitus, atrial fibrillation, heart failure, patients with MediCal insurance, and median household income <$43 000 were each significant predictors of readmission (all adjusted odds ratios >1.0; P<0.05). This model had a c-statistic of 0.659. After adding patient postoperative complications as independent variables, the second model confirmed all of the significant predictors identified in the first model, and identified postoperative sternal wound infection, reoperation for bleed/tamponade, postoperative atrial fibrillation and renal failure as additional significant predictors of readmission (all P<0.01). The second model had a significantly higher c-statistic of 0.665 compared with the model without postoperative complication variables (P=0.005 in a correlated test between 2 c-statistics).
We used the first logistic model with only preoperative risk factors to compute hospitals' expected and risk-adjusted (ie, indirectly standardized) readmission rates, because postoperative complications are endogenous. The mean hospital expected readmission rate among 119 hospitals performing CABGs was 13.3% with a range between 10.2% and 19.4% and the mean hospital risk-adjusted readmission rate was 13.2% with a wide range from 0% to 29.8%. The pairwise correlation coefficient between hospital risk-adjusted readmission and risk-adjusted operative mortality was 0.126 (P=0.173) and for observed readmission and mortality, the correlation coefficient was 0.070 (P=0.448).
As shown in Table 4 , using a hierarchical logistic regression model in which patient demographic and clinical characteristics served as level I variables and hospital characteristics served as level II variables, the following risk factors were significant positive predictors of readmission: older age, female sex, nonwhite race, body mass index ≥40, peripheral artery disease, diabetes mellitus, dialysis, preoperative atrial fibrillation, heart failure, ejection fraction <40%, MediCal coverage and median household income <$43 000 (all adjusted odds ratios >1.0; P<0.05). None of the hospital characteristics, including teaching status, type of ownership, geographic region, bed size, or CABG volume were significant predictors of readmission (all P>0.05). The intraclass correlation coefficient accounting for the residual unexplained variance by difference among hospitals was 0.004, suggesting that most of the variation in readmissions was due to patient-level rather than hospital-level variables.
Discussion
Postoperative complications attributed to the initial bypass surgery account for a significant percentage of early readmissions after CABG. Because there is substantial variation in hospital readmission rates after CABG, we sought to identify the underlying factors associated with this variation. This analysis resulted in 3 major findings. First, we found that the top 2 reasons for readmissions after CABG in California are heart failure or infection. Second, there is wide variability in 30-day readmission rates among hospitals, with crude rates from 0% to 26.9% and risk-adjusted rates from 0% to 29.8%. Among hospitals with higher rates of readmission, postoperative infections were a more frequent reason for readmission, suggesting that these hospitals may benefit from implementation of quality measures to prevent postoperative infections. Third, readmission rates were influenced primarily by patients' clinical and demographic characteristics, rather than by broadly defined hospital characteristics. Similar to the recently reported risk model of 30-day readmission after CABG in New York state, 8 our study confirmed that female sex, older age, nonwhite race, obesity, peripheral arterial disease, diabetes mellitus, heart failure and patient insurance type were significant predictors of readmission. In addition, we found that preoperative atrial fibrillation and median household income were also significant predictors of readmission. These data confirm that the predictors for readmission after isolated CABG are similar in different practice settings. The relative contribution of postoperative infection and heart failure as common reasons for readmission were also similar in the CCORP and New York CABG databases. The New York CABG study also reported wide hospital variability in 30-day readmission, with rates ranging from 8.3% to 21.1%, but the sources of such wide variability have not previously been reported. In California, we found that hospitals with higher readmission rates had significantly higher readmission rates due to circulatory diseases, infections, complications for surgical and medical care and digestive diseases. As in other studies of CABG readmissions, we also found that longer initial length of stay for the index CABG was associated with higher rates of readmission.
Through statistical modeling, we sought to explain the relative contribution of patient-level and hospital-level factors to readmission risk. Only patient-level risk factors (including median household income) were significant in hierarchical multivariable models. The significance of median household income in these models suggests that social factors not typically captured in clinical registries account for some of the variability in readmission risk. 18 In comparison, the low intraclass correlation of 0.004 suggests that patient-level factors, rather than hospital-level factors applicable to all patients within the same hospital, account for most of the variation in readmission risk. We examined several characteristics of hospitals, including hospital volume and size (CABG volume, total bed size), whether the hospital had a training program, type of ownership, and geographic location; none of these factors was significantly associated with hospital readmissions. Taken together, these findings have important policy implications because they suggest that there are no easily obtained hospital peer group characteristics that affect post-CABG readmission rates. 19 Although our findings emphasize the importance of patientlevel risk factors for readmission, many such readmissions may still be preventable. Improved systems of postdischarge care, including early physician follow-up, have been shown to significantly reduce readmission rates among patients hospitalized for heart failure. 20, 21 Such transitions of care are an important opportunity to provide timely follow-up and potentially identify complications before readmission becomes necessary. It is therefore likely that interventions aimed at early postdischarge follow-up could potentially reduce readmissions and overall healthcare costs after CABG. The importance of patient-level risk factors in predicting readmission risk may also help identify specific patients cohorts at high risk of readmission (eg, female patients, patients with low median household income, patients with MediCal insurance) who might benefit most from interventions designed to reduce the need for readmission. These findings also suggest that overall readmission rates may not represent a single summary measure for hospital performance. Instead, focusing on specific preventable causes of readmission (eg, infection) may have more overall utility when making policy decisions.
Limitations
Although this study is based on the nation's largest population-based registry for CABG patients, with complete data capture from a diverse group of 119 hospitals, it does have limitations. Specifically, we had little information about patients' socioeconomic status and social support; these factors (even when measured ecologically at the neighborhood level) may be important determinants of readmission risk. We also had little information about processes of care that might explain hospital-level variation in readmission rates; easily defined hospital characteristics do not appear to be correlated with these unmeasured processes.
Conclusions
The 2 major reasons for hospital readmissions after CABG are postoperative infection or heart failure, but rates of readmission have wide variability among hospitals. By examining patientlevel and hospital-level characteristics, we found that patientlevel factors, including age, sex, and lower zip code-level median household income had more effect than hospital-level characteristics on the observed variability in readmission rates. Although this study has shown that a limited number of measured hospital structural characteristics did not explain appreciable variation in readmission rates, there are conceivably many other unmeasured hospital characteristics that may explain some of this variation.
Further research should more closely quantify potentially preventable readmissions among patients with CABG, with a goal of developing and implementing interventions that may prevent such costly events. Additional research will help clarify whether certain preventable causes of readmission, such as postoperative infection, should be the major focus of future policy decisions.
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